Serotype 4b strains of the food-borne pathogen Listeria monocytogenes are responsible for a large portion of sporadic listeric infections and all major food-borne listeriosis outbreaks in humans. Hybridomas were produced from three fusions with lymphocytes of ND4 mice immunized either with the insoluble antigens of L. monocytogenes serotype 4b or with formalin-killed bacterial cells and screened for monoclonal antibodies (mAbs) reactive to L. monocytogenes serotype 4b. A set of 35 mAbs was identified by ELISA as having reactivity with both the insoluble antigen fraction and the whole-cell antigens. Thirteen of these mAbs belonged to immunoglobulin subclass G1 (IgG1), fifteen were IgG2a and seven mAbs were IgM. Only 20 out of the 35 mAbs were capable of detecting protein bands of various sizes ranging from 20 to 88 kDa in Western blots. Two of these mAbs, M2365 and M2367, were capable of binding to cell-surface antigens of live L. monocytogenes serotype 4b, as demonstrated by immunofluorescence microscopy and immunogold transmission electron microscopy. Immunofluorescence microscopy showed that M2365 and M2367 failed to bind to the cell surfaces of Escherichia coli O157 : H7, Salmonella enterica (serotype Typhimurium DT104) or Campylobacter jejuni. Evaluation of the cross-reactions of all 35 mAbs with whole-cell antigens of E. coli O157 : H7, S. Typhimurium, C. jejuni and Listeria innocua by ELISA indicated that the majority of the mAbs, including M2365 and M2367, did not cross-react with E. coli O157 : H7, S. Typhimurium or C. jejuni and showed no or a very weak reaction with L. innocua. Furthermore, M2365 and M2367 showed no reaction with whole-cell antigens derived from L. monocytogenes serotypes 1/2a, 1/2b and 3a, and from Listeria grayi, Listeria ivanovii and Listeria seeligeri, in an ELISA. Collectively, these data suggest that M2365 and M2367 have potential use in the development of immunological methods of laboratory diagnosis for L. monocytogenes serotype 4b in clinical or food samples.
INTRODUCTION
Listeria monocytogenes is a Gram-positive, rod-shaped, facultatively anaerobic, intracellular bacterium that causes infection (listeriosis) in man and animals. Individuals most susceptible to the pathogen include neonates, pregnant women, the elderly, immunocompromised persons and those with impaired cell-mediated immunity such as human immunodeficiency virus-infected patients. Common clinical syndromes of listeriosis include septicaemia, meningitis, encephalitis, febrile gastroenteritis, abortion and stillbirths. The organism is ubiquitous in nature and is found in water, soil and vegetation. It grows and survives in extreme conditions, such as a wide range of temperatures from 21?5 to 50 uC, a pH range of 4?3-9?6 (Donnelly, 2001 ) and high salt concentrations, and can tolerate freezing and drying, making it an ideal candidate for transmission through food and rendering it a difficult organism to eliminate from food chains. Transmission from mother to fetus is the only documented form of person-to-person transmission (Lorber, 1997) . Food-borne listeriosis has become a great concern to public health and food industries due to a number of outbreaks and sporadic cases caused by foods contaminated with L. monocytogenes (Lorber, 1997; Schlech, 2000; Donnelly, 2001) . Although listeriosis is a rare human illness, it is a leading cause of mortality from a food-borne pathogen (Mead et al., 1999) . This fact emphasizes the need to develop a rapid detection system for L. monocytogenes.
In comparison with culture methods followed by biochemical tests, nucleic acid-based and antibody-based methods have been demonstrated to be very promising for rapid detection of L. monocytogenes in food and clinical samples (Ralovich, 1993; Norton, 2002) . Monoclonal antibodies (mAbs) with high specificity and affinity for L. monocytogenes are essential for the development of an immunoassay to detect this pathogen. The production of mAbs to Listeria spp. has been described in a number of studies (Ziegler & Orlin, 1984; Farber & Speirs, 1987 Bhunia et al., 1991; Bhunia & Johnson, 1992; Torensma et al., 1993; Kathariou et al., 1994; Loiseau et al., 1995) . However, none of the mAbs reported to date are specific for L. monocytogenes strains with the exception of mAb EM-7G1 described by Bhunia & Johnson (1992) . Almost all human infections are attributed to serotypes 4b, 1/2a and 1/2b (Lorber, 1997; Donnelly, 2001) , with serotype 4b strains accounting for approximately 40 % of cases (Rocourt & Bille, 1997) . Thus, immunoassays specific for serotype 4b strains are very useful for epidemiological investigations. Kathariou et al. (1994) reported two mAbs, c74.33 and c74.180, that showed a high degree of specificity for serotype 4b strains, but also recognized serotypes 4d and 4e. It would be of great interest and is also of necessity to develop mAbs for the purpose of developing a laboratory diagnostic test specific for serotype 4b strains.
We are interested in immunogenic surface proteins of L. monocytogenes, which are less characterized and understood. Study of such proteins may provide new insights into the mechanisms of Listeria pathogenesis, virulence and immunity. As such, our laboratory has initiated a series of studies aimed at the identification and characterization of the immunogenic surface proteins of L. monocytogenes (Yu, 2004) , including the production and characterization of mAbs to L. monocytogenes as described in this paper. The reactivity of these mAbs with several important food-borne pathogens (Escherichia coli O157 : H7, Salmonella enterica, Campylobacter jejuni), several Listeria species and L. monocytogenes serotypes was examined using ELISA, Western blots, immunofluorescence microscopy and immunogold electron microscopy to identify mAbs binding specifically to the cell surface of L. monocytogenes serotype 4b. These mAbs may be useful for probing the surface antigenic composition of L. monocytogenes and may also have potential use in the detection of L. monocytogenes for epidemiological investigations, food safety surveillance, diagnosis, serotyping and pathological studies.
METHODS
Chemicals and reagents. Horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG (H+L chain) and 12 nm colloidal gold-conjugated goat anti-mouse IgG (H+L chain) were purchased from Jackson ImmunoResearch Laboratories. Fluorescein isothiocyanate (FITC)-labelled goat anti-mouse IgG (H+L chain) was bought from Zymed Laboratories. Protein standards (pre-stained), nitrocellulose membranes, the protein assay kit and the HRP-conjugate substrate kit were obtained from Bio-Rad. DNase I and RNase A were purchased from Roche Diagnostics; a protease inhibitor cocktail, 2,29-azino-bis(-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and Freund's adjuvant were from Sigma-Aldrich. The mAb M2165 (tissue-culture fluid) directed against the E rns protein of Classical swine fever virus has been described previously (Lin et al., 2005) and was used as a negative control for ELISA, Western blots, immunofluorescent labelling and immunogold labelling studies. All other chemicals were of commercially available analytical grade.
Bacterial culture. L. monocytogenes LI0521 (serotype 4b) and Listeria innocua were maintained on trypticase soy blood agar plates at 4 uC. A single Listeria colony was inoculated into Luria-Bertani (LB) broth containing 50 mM MOPS (pH 7?5) and cultured at 37 uC for 16-18 h. The Listeria cell number was determined from the absorbance reading, with an OD 620 value of 0?61 being equivalent to 1610 9 bacteria ml 21 (Schlech, 1993) , and confirmed by plating serial dilutions of cells onto LB agar plates. E. coli O157 : H7 ATCC 43889 and S. enterica SA03-1907 serovar Typhimurium DT104 (S. Typhimurium), maintained on LB agar plates at 4 uC, were used to inoculate LB broth and cultured at 37 uC for 16-18 h. The cell density of E. coli was calculated based on an OD 600 value of 1 being equivalent to 1610 9 cells ml 21 (Ausubel et al., 2005) . The number of S. Typhimurium was estimated by plating serial dilutions of cells onto LB agar plates. A pure culture of C. jejuni NCTC 11168, from the bacteriology stock culture collection at the Animal Diseases Research Institute was streaked onto 25 cysteine heart blood agar plates to produce well-isolated colonies. The plates were placed into anaerobic jars and incubated microaerophilically at 35 uC for 3 days. The microaerophilic conditions were generated by evacuating and filling the air content in the jars three times with a gas mixture of 3?5 % O 2 , 10 % CO 2 and 86?5 % N 2 .
Preparation of L. monocytogenes immunogens and immunization of mice. For preparation of insoluble antigens of L. monocytogenes, cells were harvested from 200 ml overnight culture (~1?8610 11 cells) by centrifugation at 10 000 g for 10 min at 4 uC, washed three times with PBS and killed by resuspending in 30 ml 0?3 % formalin solution in PBS for 24 h at room temperature. Cell pellets were washed with PBS, resuspended in 30 ml PBS containing 45 mg protease inhibitor cocktail ml 21 (Sigma) and disrupted by passing through a French Press at 1500 p.s.i. (10 350 kPa). The homogenate was treated with DNase I (100 mg ml 21 ) and RNase A (100 mg ml 21 ) at 37 uC for 30 min and then spun at 100 000 g for 80 min at 4 uC. The pellets, designated insoluble antigens, were resuspended in 3 ml PBS and stored at 220 uC until use. For preparation of formalin-killed L. monocytogenes, cells were harvested from 40 ml overnight culture, washed as above and adjusted to a density of 1610 9 cells ml 21 in PBS containing 0?3 % formalin. After incubation at room temperature for 24 h, cells were centrifuged at 10 000 g for 10 min at 4 uC, washed with PBS and resuspended in an equal volume of PBS. Formalin-killed L. monocytogenes cells were stored at 220 uC until use.
Each of three ND4 mice, after their pre-immune sera were collected, was immunized subcutaneously with insoluble antigens derived from 6610 9 cells in 0?1 ml PBS emulsified with an equal volume of complete Freund's adjuvant at day 0. Booster injections with the same amount of immunogens emulsified with incomplete Freund's adjuvant were given at days 14 and 28. After resting for at least 4 weeks, mice were given a final intravenous injection with the insoluble antigens (in 100 ml PBS) derived from 6610 9 cells and sacrificed within 1 week for fusions. For immunization with formalin-killed cells, each of three ND4 mice was injected intraperitoneally with 2?5610 8 cells in 0?25 ml PBS at days 0, 14 and 28. Mice were given a final intravenous booster injection with 2?5610 7 cells in 0?15 ml PBS after resting for at least 4 weeks and sacrificed for fusion as above.
Preparation of bacterial ELISA antigens. L. monocytogenes (9610 11 cells) from 1 litre overnight culture were killed with formalin, washed and disrupted in 15 ml PBS containing a protease inhibitor cocktail (45 mg ml 21 ) using a French Press. The homogenate, designated whole-cell (WC) antigens, was treated with DNase I and RNase A as above. The insoluble cellular (IC) antigens of L. monocytogenes were also prepared from 1 litre overnight culture (9610 11 cells) and resuspended in 5 ml PBS. WC antigens from other bacteria were prepared essentially as above: L. innocua WC antigens from 500 ml overnight culture (3?3610 11 cells) were resuspended in 10 ml PBS; E. coli O157 : H7 WC antigens from 200 ml overnight culture (2?4610 11 cells) were resuspended in 15 ml PBS; S. Typhimurium WC antigens from 50 ml overnight culture (3?36 10 11 cells) were resuspended in 10 ml PBS; and C. jejuni WC antigens from a 200 ml cell suspension (OD 600 =1?35) were harvested by washing 25 100 mm plates with PBS and resuspended in 10 ml PBS. All antigen preparations were stored at 220 uC until use.
Production of murine mAbs. Spleen cells, harvested from two ND4 mice receiving formalin-killed bacteria and from one ND4 mouse immunized with the insoluble antigens, were fused with Sp2/ 0-Ag14 myeloma cells (Shulman et al., 1978) , essentially according to established procedures (Zola, 1987) . Culture supernatants from hybridoma cells were screened for Listeria-reactive mAbs by ELISA using WC antigens or the IC antigens derived from L. monocytogenes serotype 4b. A Nunc microwell plate (VWR) was coated with the antigens at a pre-determined dilution (1 : 400) in 60 mM carbonate buffer (pH 9?6; 100 ml per well), incubated at room temperature overnight and then frozen at 220 uC until use. After the plates had been thawed and washed with PBS-T (0?05 % Tween 20 in PBS, pH 7?2), hybridoma culture supernatants (100 ml per well) were added to react with the solid-phase antigens for 1 h at room temperature. Mouse anti-Listeria immune sera at pre-determined dilutions and 10 % (v/v) fetal calf serum in the hybridoma growth medium were included as controls. Plates were washed with PBS-T, followed by incubation with HRP-conjugated goat anti-mouse IgG (1 : 4000 dilution in PBS-T, 100 ml per well) for 1 h at room temperature. After a final wash with PBS-T, substrate solution containing 1 mM ABTS and 0?015 % H 2 O 2 in 50 mM sodium citrate buffer (pH 4?5) was added to each well (100 ml per well). Following incubation with moderate shaking for 10 min at room temperature, A 414 was determined on a Labsystems Multiskan Bichromatic plate photometer. Hybridomas cell lines secreting reactive mAbs were identified by using an empirical A 414 cut-off of 0?3 under the conditions used. Analysis of cross-reactivity of anti-L. monocytogenes mAbs with other micro-organisms. L. monocytogenes-reactive mAbs were assessed for cross-reactivity with L. innocua, E. coli O157 : H7, S. Typhimurium and C. jejuni by indirect ELISA essentially as described above using the respective WC antigens.
Electrophoresis and Western blotting. SDS-PAGE was performed by the method described by Laemmli (1970) , using a 4 % stacking gel and a 12 % resolving gel in a minigel apparatus (BioRad). The protein samples for SDS-PAGE were prepared as follows. L. monocytogenes serotype 4b (overnight culture) was subcultured at a 1 : 100 dilution in 500 ml growth broth at 37 uC for 4 h. Bacterial cells, equivalent to a 50 ml culture with an OD 620 of 0?5, were harvested by centrifugation (8000 g, 20 min) and suspended in 1 ml 0?5 M Tris/HCl (pH 6?8) containing 10 % SDS and 1 mM PMSF.
The cell suspension was sonicated ten times for 30 s each with 1 min intervals. Lysed cells were pre-incubated with an equal volume of 26 SDS/b-mercaptoethanol sample buffer at 100 uC for 10 min and then loaded (20 ml) into each well of the gels. Following electrophoresis at 200 V, proteins were either stained with Coomassie blue or electroblotted onto nitrocellulose membrane using a Bio-Rad Trans-Blot SD semi-dry transfer cell according to the manufacturer's manual. The membrane, which had been stained with 0?1 % (w/v) Ponceau S in 5 % (v/v) acetic acid to ensure the presence of proteins, was blocked with 3 % skimmed milk in PBS containing 0?05 % Tween 20 and 0?2 % Triton X-100 (PBS-TT) for at least 1 h and incubated at room temperature with specific mAbs at a predetermined dilution in PBS-TT containing 3 % BSA. Bound antibodies were detected using HRP-conjugated goat anti-mouse IgG (Jackson ImmunoResearch Laboratories) and a 4-chloro-1-naphthol/ H 2 O 2 substrate kit (Bio-Rad) according to the manufacturer's instructions.
Immunofluorescent staining. Binding of mAbs to the cell surface of L. monocytogenes was detected by immunofluorescent staining. Bacterial cells (2610 8 ) from an overnight culture were spun at 13 000 r.p.m. in a microfuge for 2 min to remove the culture supernatant. Cell pellets were resuspended in 500 ml PBS containing 5 % BSA, gently rocked for 1 h and then incubated for 1 h with 500 ml anti-Listeria mAb (tissue-culture fluid) at a dilution of 1 : 50 in PBS containing 5 % BSA. After washing twice with 500 ml PBS, pellets were incubated for 1 h with 250 ml FITC-conjugated goat antimouse IgG (H+L chain) at a 1 : 100 dilution in PBS containing 5 % BSA. Cell pellets were washed three times with PBS and resuspended in 50 ml PBS. One drop of the cell suspension was deposited onto a microscope slide, covered with a coverslip and sealed with Cytoseal 60 (VWR). Cells were viewed under an epifluorescence microscope.
Immunogold labelling for electron microscopy. L. monocytogenes serotype 4b (3610 8 cells) from overnight culture were centrifuged at 13 000 r.p.m. for 2 min, washed twice with PBS and blocked with 500 ml PBS containing 3 % BSA for 30 min at room temperature with a slow rotation. After washing with PBS, cells were incubated with a specific mAb at a 1 : 25 dilution in 0?5 ml PBS containing 3 % BSA at room temperature for 1 h. Cells were then washed three times with PBS and incubated with 12 nm colloidal gold-conjugated goat anti-mouse IgG (H+L chain) at a 1 : 30 dilution in 0?3 ml PBS containing 3 % BSA for 30 min as above. After three final washings with PBS followed by H 2 O, cells were resuspended in 50 ml H 2 O, adsorbed onto a carbon-coated nickel grid and stained with 0?5 % uranyl acetate (0?22 mm filtered) for 5 s. Bacteria labelled with gold particles were viewed with a transmission electron microscope.
RESULTS

Production of mAbs to L. monocytogenes
The hybridomas resulting from three fusions, two with mice immunized with L. monocytogenes cells and one with a mouse inoculated with the IC antigen preparation, were screened for reactivity of secreted antibodies with L. monocytogenes by ELISA (Fig. 1a, b) . A total of 35 mAbs (Table 1) was selected for further characterization on the basis of the mAbs ability to recognize both WC and IC antigens of L. monocytogenes. Of these 35 mAbs, 13 belonged to Ig subclass G1 (IgG1), 15 were IgG2a and 7 were IgM. 
Western blot analysis of mAb reactivity
Analysis of the total cellular antigens of L. monocytogenes using Western blotting (Fig. 2) 
Detection of L. monocytogenes cell-surfaceexposed antigens by mAbs
Live L. monocytogenes were probed with each of the 35 mAbs followed by immunofluorescent staining. Only M2365 and M2367 recognized antigens present on the cell surface (Fig. 3) . Staining by these two mAbs was specific, as no staining was observed with a control mAb M2165 (data not shown). All other mAbs, exemplified in Fig. 3 by M2387, failed to stain live bacteria, indicating that the epitopes recognized by these antibodies are not accessible on the cell surface. Immunofluorescent microscopy also revealed that neither M2365 nor M2367 bound to the cell surface of live E. coli O157 : H7, S. Typhimurium or C. jejuni (data not shown). Consistent results were obtained for all of the mAbs with immunogold labelling of L. monocytogenes. Transmission electron microscopy showed immunogold particles on the surface of the bacterium probed with M2365 and M2367 (Fig. 4) . Probing with the control mAb M2165 (Fig. 4) and all of the other mAbs directed against L. monocytogenes (data not shown) did not result in the presence of gold particles on the surface of bacterial cells.
Cross-reaction of anti-L. monocytogenes mAbs with other selected bacteria All 35 mAbs that were shown to react with the WC and IC antigens of L. monocytogenes (Fig. 1a, b) were tested for reactivity with other food-borne pathogens represented by E. coli O157 : H7, S. Typhimurium, C. jejuni and the nonpathogenic bacterium L. innocua by ELISA (Fig. 1c-f ). By using a cut-off A 414 value of 0?1, which was approximately ten times the value obtained with the control antibody, nine mAbs (M2372, M2376, M2377, M2378, M2379, M2380, M2388, M2390 and M2393) were found to react with E. coli O157 : H7 (Fig. 1c) , four (M2372, M2378, M2388 and M2390) with S. Typhimurium (Fig. 1d) and five (M2372, M2378, M2380, M2388 and M2390) with C. jejuni (Fig. 1e) . All mAbs except for M2366, M2369, M2370, M2372, M2373, M2374, M2375, M2376, M2377, M2378, M2388, M2389, M2390 and M2392 exhibited a weak or no reaction with L. innocua, with A 414 values of <0?3 (Fig. 1f) . The two cell-surface-binding antibodies M2365 and M2367 were tested further by ELISA for interaction with WC antigens derived from L. monocytogenes serotypes 1/2a (LI0527), 1/2b (LI0586) and 3a (LI0508) and Listeria species Listeria grayi (ATCC 19120), Listeria ivanovii (ATCC 19119) and Listeria seeligeri (PHB24) and exhibited no binding to these antigens, with A 414 values of ¡0?1.
DISCUSSION
The aim of this study was to develop mAbs directed against L. monocytogenes. A total of 35 mAbs reacting with L. monocytogenes was identified by screening the hybridomas produced from three fusions. Binding activities of these mAbs were studied using techniques such as ELISA, Western blotting, epifluorescence microscopy and immunogold electron microscopy. The majority of mAbs identified were IgG1 or IgG2a, with a few being IgM. Of these 35 mAbs, only 20 rapidly detected protein bands in Western blots of total cellular proteins, although 5 exhibited weak immunological reactions, indicating that the epitopes defined by these antibodies are linear. The other 15 mAbs exhibiting no reactivity in Western blots probably recognized conformational epitopes, which may have been altered under the denaturing conditions used in SDS-PAGE; alternatively, the Table 1 . mAb reactivity with E. coli O157 : H7 (Ec), S. Typhimurium DT104 (S), C. jejuni (Cj) and L. innocua (Li) as determined by indirect ELISA epitopes recognized by them may have been of a nonprotein nature and not transferred efficiently onto the nitrocellulose membranes. This observation is not unusual for anti-Listeria mAbs, as Kathariou et al. (1994) and Torensma et al. (1993) reported that some of their mAbs failed to detect protein bands in Western blots of total cellular proteins. With the exception of M2369, which reacted with a protein of 88 kDa and a smaller protein with an apparent molecular mass of 56 kDa, all other mAbs that reacted with L. monocytogenes antigens on Western blots detected a single protein band with apparent molecular masses of 20 kDa (four mAbs), 35 kDa (five mAbs), 36 kDa (one mAb), 62 kDa (one mAb), 75 kDa (one mAb), 77 kDa (two mAbs) and 87-88 kDa (six mAbs). In contrast, slightly complicated immunoreaction patterns for mAbs directed against Listeria were demonstrated by Western blotting in several previous studies, detecting two major antigens of 38 and 41 kDa (Loiseau et al., 1995) ; a protein smear of 40-60 kDa, several vague bands of~20 kDa and double bands at 90 and 35 kDa (Torensma et al., 1993) , multiple bands of 76, 66, 56 and 52 kDa (Bhunia et al., 1991) , a protein band of 66 kDa and double bands of 43 and 94-97 kDa (Bhunia & Johnson, 1992) , a 31 kDa flagellin (Kathariou et al., 1994) , an 18?5 kDa protein (Siragusa & Johnson, 1990) and a 104 kDa cell-surface protein (Pandiripally et al., 1999) . Thus, the mAbs reported here with reactivity on Western blots appeared to recognize linear epitopes localized on proteins that were different in size from the mAb-reactive proteins described by others (Siragusa & Johnson, 1990; Bhunia et al., 1991; Bhunia & Johnson, 1992; Torensma et al., 1993; Kathariou et al., 1994; Loiseau et al., 1995; Pandiripally et al., 1999) . Thus, they are likely to be unique immunogenic proteins.
Specific binding to the cell surface with minimal or no crossreaction with other micro-organisms is a desired feature for a mAb to be useful in the detection of L. monocytogenes. Of the 35 mAbs described here, only M2365 and M2367 recognized cell-surface antigens, as demonstrated by epifluorescence microscopy and immunogold electron microscopy. These two mAbs possibly recognized a conformational epitope, as they did not produce reactivity in Western blot analysis. These two antibodies did not cross-react with E. coli O157 : H7, C. jejuni and S. Typhimurium, and showed a very weak reaction with total L. innocua cellular antigens in ELISA. M2365 and M2367 also failed to recognize the surface antigens of E. coli O157 : H7, C. jejuni and S. Typhimurium, as revealed by immunofluorescent staining. In addition, M2365 and M2367 showed no reaction with whole-cell antigens from L. monocytogenes serotypes 1/2a (LI0527), 1/2b (LI0586) and 3a (LI0508) and the Listeria species L. grayi (ATCC 19120), L. ivanovii (ATCC 19119) and L. seeligeri (PHB24) in ELISA. The lack of cross-reaction of M2365 and M2367 with a limited number of L. monocytogenes serotypes and other bacterial species suggests that M2365 and M2367 have potential for use in the immunocapture of live L. monocytogenes for rapid detection in food or other test samples, and for clinical applications such as the detection of the bacterium in infected tissues or cerebrospinal fluid. The use of mAbs as reagents for the development of rapid methods of laboratory diagnosis to detect Listeria from food or clinical samples has been described in other studies (McLauchlin et al., 1988 ). The present study has added new mAbs to the diagnostically important antibody list. Those mAbs showing no binding to the surface antigens but demonstrating reactivity with WC lysate and IC antigens in ELISA, as described in this study, may recognize epitopes that are not on the surface but which rapidly become exposed and accessible as a result of the mechanical disruption of intact L. monocytogenes. Of the 35 mAbs directed against L. monocytogenes, only a few exhibited a significant crossreaction with E. coli O157 : H7, C. jejuni or S. Typhimurium. As expected, there were more mAbs that showed a significant cross-reaction with the antigens of L. innocua. Four mAbs (M2372, M2378, M2388 and M2390) appeared to recognize a common conformational epitope among the bacterial species tested, as indicated by ELISA and Western blotting. Four mAbs (M2386, M2391, M2387 and M2394) showed no reaction with E. coli O157 : H7, C. jejuni, S. Typhimurium and L. innocua in ELISA, and thus are highly specific for L. monocytogenes. Two mAbs, M2386 and M2394, recognized a linear epitope on proteins with similar molecular masses of 35 kDa.
In summary, we have successfully developed a panel of 35 mAbs directed against L. monocytogenes. Some of the mAbs described here may be useful as reagents for the specific detection of the bacterium in food or clinical samples, and as potential probes for serotyping the 4b strains and studying their surface-antigen composition. 8 ) were probed with each of the 35 mAbs followed by detection with 12 nm gold particle-conjugated goat anti-mouse IgG (H+L chain). Bacterial cells were visualized with a transmission electron microscope at a magnification of 630 000. Images of immunogold labelling with two mAbs (M2365, M2367) and one control mAb (M2165) are shown. Bar, 0?6 mm.
